[Abstract] We examined the gender gap between wives and husbands with regard to time spent on unpaid housework and the interaction terms between the appearance of home appliances and gender among 36,480 Vietnamese households. We found the gender gap of time is persistent regardless of the number of coresiding children, age cohorts, household size and income, and working status of the couples. Wives spent 40.3-58.6 minutes more on unpaid housework daily. In household fixed-effect estimations, we found the interaction terms had a positive relationship with the time spent on unpaid housework. Where a gas cooker was available, the time spent on unpaid housework of the wife was 16.9 minutes more than that of her husband on a daily basis. However, we did not detect any significant interaction effects among pure dual-wage earners, and where husbands are aged less than 26 years.
[Abstract] We examined the gender gap between wives and husbands with regard to time spent on unpaid housework and the interaction terms between the appearance of home appliances and gender among 36,480 Vietnamese households. We found the gender gap of time is persistent regardless of the number of coresiding children, age cohorts, household size and income, and working status of the couples. Wives spent 40.3-58.6 minutes more on unpaid housework daily. In household fixed-effect estimations, we found the interaction terms had a positive relationship with the time spent on unpaid housework. Where a gas cooker was available, the time spent on unpaid housework of the wife was 16.9 minutes more than that of her husband on a daily basis. However, we did not detect any significant interaction effects among pure dual-wage earners, and where husbands are aged less than 26 years.
Introduction
"Stoves were labor-saving devices but the labor that they saved was male." Cowan (1983, page 61) Our study examines whether the gender gap of time spent on unpaid housework exists and whether the appearance of home appliances reduces this gender gap between husbands and wives in Vietnam. We chose Vietnam because its transitioning economy contains both industrial and agricultural societies. Thanks to trade that is more open and to rising income levels, the lifestyle of Vietnamese households is improving 1 . In 2008, approximately 44.6%, 11.9%, and 31.1% of households owned a gas cooker, washing machine, and fridge, respectively 2 . However, this implies that the majority of households lived without these appliances. There has also been a shift from agricultural to nonagricultural work. For example, 55.1% of workers aged 15 years and over were employed in agriculture, forestry, and fishery in 2005, but this number had fallen to 52.3% in 2008 3 . Therefore, the allocation of time spent on work, unpaid housework, and leisure has changed. In addition, the total fertility rate fell from 2.25 to 2.08 children during [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] 4 . Thus, women had an increasing amount of time for paid work, leisure time, and unpaid housework over this period.
The majority of the literature in this area analyzes the negative relationship between time on paid work and unpaid housework among working couples. Hersch and Stratton (1997) , Kimmel and Connelly (2008) and Bloemen (2010) are examples of such studies.
Hersch (2009) finds that men substitute less paid work for unpaid housework than women do.
Gronau (1977) shows that an increase in the wife's wage rate results in more paid working hours, less housework, and less leisure. Hersch and Stratton (1994) indicate that the gender gap on unpaid housework is due to the different wage rates of husbands and wives. Wales and Woodland (1997) further estimate the response of housework hours to the ratio of the wage rates. Gough (2011) finds unemployed individuals spend three to seven hours more per week on housework than when employed; and this increase is twice as large for women than for men. However, no study has investigated the case when both do not work, nor addressed the case where couples mix paid work with agricultural work and/or a home business. Although how husbands and wives allocate time on unpaid housework varies across countries, husbands tend to do less. Ueda (2005) shows that an hour of Japanese husbands' housework does not perfectly substitute for an hour of wives' housework. Bloemen et al. (2010) find that Italian husbands do less housework. Hersch and Stratton (1994) find that wives employed full time spend more time on both housework and paid work than their husbands do because women earn less. Hersch and Stratton (1994) find that if the gender wage gap declines, time spent on housework will be closer to equal. Folbre and Nelson (2000) find that if wives spend more time on paid work, husbands are less likely to increase time spent on unpaid housework to compensate. However, they did not consider the appearance of home appliances.
The explanations for the reallocation of time between husbands and wives vary and are not simple. Stratton (2012) indicates that men dislike housework. Thus, wives have to compensate. Kroska (2003) reports that women find baby care and laundry-related activities to be "good, potent, and active" and preparation of meals to be "particularly powerful," but dislike washing dishes more than men do. Poortman and Lippe (2009) show that women tend to favor cleaning, cooking, and childcare more than men do. Beblo and Robledo (2008) show that husbands have more leisure time because they are Stackelberg leaders in sequential private provision games. Analyzing French workweek reduction policy, Goux et al. (2014) find that husbands of policy-eligible woman tend to reduce their paid work time, while the wives show little response if their husband was in the target group of the policy.
In this study, we first investigate the time allocation between husbands and wives on unpaid housework and paid work using seemingly unrelated regressions. In the main analysis, we use household fixed-effect models to estimate the time gap on unpaid housework and then the interaction terms between the appearance of home appliances and gender. We find the gender gap of time is persistent and around 40.3-58.6 minutes per day, even among dualnonworking couples. We also find a positive nexus between the appearance of home appliances (gas cooker) and an increase in the time gap indicating less time on unpaid housework for men. We argue that the participation of the husband in specific unpaid housework tasks could be one of the main reasons for this nexus.
Our study extends the previous studies in several ways. To the best of our knowledge, this is the first empirical study analyzing the interaction between home appliances and the gender gap of time spent on unpaid housework. By eliminating the time-invariant factors in household fixed-effect models, we can measure the real "natural" gender gap between husbands and wives. Furthermore, we first consider the interaction terms for more than 26 types of household composition.
This paper proceeds as follows. The next section describes the data. Section 3 illustrates how we estimate the gender gap of time spent on housework using different samples. In Section 4 we present the results, and Section 5 presents the conclusions and discussion.
Data
We use the Vietnamese Household Living Standard Survey 2008 (VHLSS 2008 Tables 1 and 2. [Insert Tables 1 and 2 here]
Empirical methods
We estimate two econometric models. The first are seemingly unrelated regressions (SURs) for the decisions of husbands and wives on time spent on paid work and unpaid housework. The main characteristics of individuals are described in Tables 1 and 2 . Later labeled Absence-w/h (Ill day-w/h), "absence" ("ill day") indicates the total number of days in the 12 months prior to the survey that the wife/husband was absent (ill) and unable to do routine work. We construct four dummies for the number of coresiding children by age cohort from 0-6, 7-12, 13-17, and for couples coresiding without any children.
We also add dummies for the appearance of home appliances in the household as well as construct the first principal component of the six appliances. We notice that pure dualwage earners are people who work for a salary, but who are not involved in any agricultural work for a family business. This is done to distinguish them from dual-wage earners who might do both of these types of work.
We divide the data into six main categories as a robustness check of the gender gap, and of the interaction between the variables of interest and gender. These categories are as follows. Working status (both not working, dual-working couples 5 , dual-wage earner, and pure dual-wage earner); number of coresiding children (0, 1, 2, 3, 4 and > 4); husband's age (< 26, 26-35, 36-45, 46-55, 56-65, and > 65) ; quartiles of income (4 th quartile is the richest) 6 ; household size (< 4, 4, 5, and > 5); and dual-chore undertaken couples 7 . This is to separate the influence of these categories on the variables of interest and to provide an insight into any differences, if they exist. These categories help us to check the robustness of the results relative to the reduced forms equations of (5).
In addition, we apply three measures to deal with the high correlations between gas cookers and rice cookers 8 /washing machines 9 /freezers (0.52, 0.37, and 0.43, respectively).
First, we conduct principal component analysis by constructing the first principal component ( ) from six interaction terms between gender and home appliance variables. Second, we retain gas cookers, vacuum cleaners, and microwave ovens in the analyses. Finally, we estimate separately each of the variables of interest for each of the data samples. We test their signs and statistical significance across the various data samples. We report the analyses with and three appliances as the main results, and present the other results in the Appendix.
5 Dual-working couples are those who both do some work for income. Dual-wage earners are those that both do some jobs for wages. 6 This is because the rich have more tools (Cowan 1983) . 7 Couples that spent at least one minute on unpaid housework. 8 Unfortunately, the GSO uses the same code for rice cookers, electronic cookers, and pressure cookers. Therefore, we refer to this variable as "rice cookers" and use the coded variable to construct PCA for the six variables. 9 The variable "washing machine" represents both washing machines and driers.
Results
As shown in We find a substitution between paid work and unpaid housework in Table 3 . The rate is different between men and women: 55 (43) minutes of paid work for one hour of unpaid housework for women (men). However, without any paid work, as seen in column (4) of Table 4 , the gap is still 52 minutes each day.
Home appliances are associated with different amounts of time spent on housework between husbands and wives. For example, in Table 3 , gas cookers help to reduce the time spent on unpaid housework for the husbands by much as 1.8 minutes per day. However, gas cookers increase the amount of unpaid housework of wives by 3.8 minutes per day.
The time gap between wives and husbands increases in association with the appearance of home appliances. As shown in column (1) of Table 4 , the first principal component of the six home appliances increases the gap by 4.7 minutes per day for wives. We find the estimated is statistically insignificant among pure dual-wage earners, couples with more than four children, husbands aged less than 26, and those in the lowest income quartile as shown in Table 5 .
Examining the effects of specific appliances, we find the interaction term constructed from gas cookers and gender has the most statistically significant coefficient of 16.9 minutes per day as shown in column (2) of Table 4 . The significance of the coefficients is independent of model specifications that include or exclude other home appliances as shown in the corresponding coefficients in both Table 5 and the Appendix. However, the coefficients become statistically insignificant for pure dual-wage earners where the husband is aged less than 26 years. Among the couples living with more than four children or in the lowest income quartile, the statistically insignificant could be due to the opposite signs of the interaction terms.
The decision to participate in unpaid housework is one of the main reasons for women spending more time on housework following the appearance of gas cookers. We find that with a gas cooker, husbands are 6% less likely to do unpaid housework, while the wife is only 0.6% less likely as shown in Table 6 . This might be because men believe that the cooking with a gas cooker is not difficult enough to warrant their help. Without a gas cooker, men may become involved in tasks such as collecting and chopping firewood.
[Insert Table 6 here]
We hypothesize some additional reasons for the increased gender gap in time associated with the appearance of home appliances, particularly gas cookers. First, it could be that men do less housework while women do more, as shown in columns (7) and (8) of Table   3 . Second, although gas cookers reduce cooking time because of convenient heat adjustment and multiple-task heating, they allow women to cook more dishes per meal. Thus, the total time spent using gas cookers and cleaning dishes (we assume that women are more likely to do such cleaning) increases. Third, gas cookers might be more closely related to wives' tasks, whereas other home appliances could be gender-neutral. Washing machines, microwave ovens, and vacuum cleaners do not require a specific strength or skill related to feminine/masculine characteristics. Fourth, wives could be more involved because they consider cooking time as leisure time. Indirect evidence is that women who are pure dualwage earners are more likely to participate (a 1.25% increase) if the household owns a gas cooker (see Table 6 ).
Meanwhile, among pure dual-wage earners, we would argue that the time adjustment of the couples when all income comes from paid work would be rigid. Thus, time constraints
give women no opportunity to increase time spent on unpaid housework even if it is considered a leisure activity. Furthermore, by having stable income, women can have more bargaining power. Thus, men cannot avoid collaborating with women and sharing tasks related to gas cookers. These arguments could explain why the time gap in the two groups is the same, and why women are more likely to do housework where a gas cooker is available.
Conclusions and discussion
We examined the time spent on unpaid housework by 36,480 Vietnamese couples. The gender gap is persistent across generations despite changes in the Vietnamese economy.
Despite differences in household composition in terms of age, size, income, number of coresiding children, and working status, we found that husbands spend 40.3-58.6 fewer minutes each day on unpaid housework than their wives do. One of the important reasons is that men are less likely to do housework. Working status can explain the substitution between paid work and unpaid housework. However, among dual-nonworking couples, the gender gap of time was still 52 minutes. We also found that some home appliances (such as microwave ovens and gas cookers) reduce the time spent on housework by husbands. Nevertheless, the gender gap of time increases with the appearance of home appliances such as gas cookers. We found that a reduction in the probability of men participating in housework tasks related to gas cookers is one of the main reasons for the larger gap. In addition, a woman may do more housework as a leisure activity and because a gas cooker enables her to cook more dishes and do other related tasks (such as cleaning). However, this effect does not exist among pure dualwage earners or in cases where husbands are aged less than 26 years.
We acknowledge several limitations of our data and analyses. First, the time spent on housework is retrospective, but not in a form of time use survey where each specific task of each individual is recorded with both the starting and the ending time. Second, we bypassed the self-selection of men and women toward specific tasks, the productivity of doing housework and the collaboration between couples on the same task. Thus, the gender gap might be associated with the specific tasks included in the survey. Third, we were only able to consider gas cookers, but not other types of cookers such as electronic cookers, pressure cookers, and rice cookers. This is because the survey coded the three mentioned cookers in the same variable.
The positive relationship between gender gap of time and the appearance of home appliances has several policy implications. First, the gap exists because individuals might be self-selected to certain specific tasks of unpaid housework. Thus, policies to increase the participation of women in paid work should consider this effect. Second, the positive interaction terms indicate that the policies facilitating the participation of men in housework also empower women. This can also influence the marketing strategies of the suppliers of home appliances. Similarly, policies aimed at empowering women via microcredit should consider this interaction. Finally, our study confirms the existence of gender roles in terms of unpaid housework between husbands and wives. Robust standard errors in parentheses (*** p < 0.01, ** p < 0.05, * p < 0.1). Children are those of the head and are coresiding in the household 
